INTRODUCTION
Ionosphere layer in the atmosphere is the region which comprises of photo-ionization that creates plasma of enough concentration to have substantial impact on dynamics of this region. The spatial (with respect to geographical location) and temporal (as per the time, seasons and solar cycle) variations of ionosphere have significant effect on radio signals while propagating through it. Thus it is important to study the ionospheric influence on GPS signals in different weather circumstances at different geographical locations as mentioned by [1] . Ionospheric scintillation results into signal refraction and diffraction. GPS signal experiences advance in phase of the signals and ionospheric delay because of the free electrons present in the propagation paths. If the phase variations are large it can affect the phase locked loops in receiver section. Norsuzila et al., (2010) have done analysis for calculation of TEC and to estimate positioning error in [2] .
Kintner et al., (2009) in [3] has stated that GPS signal experiences group delay and phase advance as it interacts with free electrons along its propagation path. The number of free electrons in a rectangular solid with a one square meter cross section ranging from the receiver to the satellite is known as total electron content (TEC).
The present research discusses ionospheric scintillation effects on IRNSS signals whose all satellites starting from IRNSS 1A to 1F (Pseudo random number (PRN) numbers 1 to 7) have been launched by ISRO, India. The IRNSS system comprises of three segments namely space segment, control segment and user segment like GPS [4] . The space segment consists of IRNSS constellation of seven satellites-three in Geostationary earth orbit (GEO) orbit (at 34°E, 83°E, and 131.5°E) and four in Geo synchronous orbit (GSO) orbit inclined at 29 degrees to the equatorial plane with their longitude crossings at 55°E and 111.5° E two in each plane as shown in figure 1.
The user can receive signals from various satellites throughout for 24 hours a day. The control segment are located at earth stations which continuously monitors and tracks various satellites locations in respective orbit and measure orbital parameters. If there is any variations in satellite location in orbit then corrections are to be made for bringing back satellites in their original position in orbits. The user segment consists of IRNSS receivers which can receive signals from various satellites decode them and give useful information for providing satellite orbital and clock information, navigational and positioning information. IRNSS receivers can be designed to receive single or dual frequency L5 Band (1176.45 MHz) or S band (2492.028 MHz) which are modulated using Binary phase shift keying (BPSK) modulation technique or Binary offset carrier (BOC) technique.
Fig 1: IRNSS Constellation indicating space segment
The experimental setup of IRNSS receiver hardware along with its software is as shown in figure 2 and space segment of IRNSS is indicated in figure 3 on 23 rd September 2015. In figure 3 satellite location is indicated in various orbits with respect to IRNSS receiver location as center of the sky plot or sky view. Satellite location are highlighted in red spots in terms of azimuth and elevation angle in degrees of various satellites PRN 1 to PRN 4. The vertical axis is comprising of elevation angle in degrees and circular outer scale is consisting of azimuth angle in degrees. In this paper the ionospheric scintillation parameters measurement is done on 23 rd September 2015 data which is a September equinox period, it is the moment when the Sun appears to cross the celestial equator, heading southward. Section 2 is discussing related work. Section 3 is discussing analysis and results. Finally the conclusion is presented in section 4. [8] .
RELATED WORK REVIEW
The models of receiver orbit propagation algorithms with proposed ephemeris are informed and are compared with standalone GLONASS model have been developed by Chandrasekhar et al., (2015) in [9] . Babu et al., (2012) have determined offset for the IRNSS satellite clocks useful for launching of IRNSS satellites in [10] . Ahmed et. al., (2015) have presented improved phase scintillation index using the wavelet based filtering technique to determine the scintillation effects at European high latitudes in [11] . The improved phase scintillation is then compared with the original phase scintillation index. Sauli et. al., (2006) had proposed a wavelet-based detection and characterisation of the propagation of acoustic-gravity waves induced in the ionosphere during the solar eclipse of August 11, 1999 in [12] . Fernandez et. al., (2013) had computed a parameter which estimates the local ionospheric response to a geospheric event which triggers an ionospheric storm in [13] . Akhoondzadeh (2012) have utilized various methods for TEC variations during Tohoku earthquake in [14] . Senanayake (2013) has emphasized on positive impacts of various Indian Navigational Satellite programmes for the civilian applications over Sri Lankan region in [15] . Grinsted et, al., (2004) have utilized cross wavelet transform and wavelet coherence for determining relationships in time frequency space between two time series in [16] . Ratnam et, al., (2015) have demonstrated use of GPS Ionospheric Scintillation TEC monitor and receiver which is located at the low latitude station, K. L. University, India in [17] . Hobiger and schuh has derived ionospheric parameters by Very Long Baseline 
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Interferometry (VLBI), Topex/Poseidon and GPS in [18] . The wavelet scalograms are also used.
Huang and Wu (2008) had presented results which showed that empirical mode (EMD) Hilbert-Huang transform (HHT) decomposition and Hilbert spectral analysis are adaptive data analysis method for various geophysical research in [19] . Krankowski et, al., (2005) had given an extensive database of Total Electron Content (TEC) measurements which has become available from both ground-and space-based observations in [20] . Lei et, al., (2008) have presented 9 and 7 day periodic oscillations in the global mean TEC from 1 January 2005 to 31 December 2006 in [21] .
Thus in this section review of work done for analysis of ionospheric parameters using wavelet analysis and Hilbert Huang transform (HHT) is presented. In the following section the introduction to various ionospheric scintillation parameters like total electron content, Vertical Total electron content (VTEC) , Carrier to noise power ratio and elevation angle is presented.
IONOSPHERIC SCINTILLATION MEASUREMENT PARAMETERS 3.1 Total electron content (TEC)
TEC is an important parameter in the Ionospheric studies and for the correction of Ionospheric effects which affects performances of various Global Navigation Satellite System (GNSS) positioning accuracy as mentioned by Misra and Enge (2001) in [22] and Tanna et al., in (2013) in [23] . It is an important component of the space weather for both tropical and subtropical.
A dual-frequency GPS receiver measures the difference in ionospheric delay between the L1 and L2 satellite signals. TEC can is calculated using following equation (1) [24, 25] :
Where in equation (1), f 1 = 2492.028 MHz (L5 band frequency) and f 2 =1176.45MHz (S1 band frequency) P1 and P2 are Pseudo ranges of the frequencies L5 and S band respectively.
Elevation angle (Elv)
In the present work, measurements with a satellite's elevation angle greater than 30 degrees are taken into account in order to minimize the effects of multipath on the observations. Elevation angle in Radians = Elevation angle in degrees * (Pi/180).
Vertical TEC
The TEC varies smoothly from day to night as dayside atmosphere of the Earth is ionized by the Sun's extreme ultraviolet radiation. During a plasma bubble, the F2 layer of the ionosphere will become unstable and may even disappear. In this region the total electron content is in the highest density in range 10 16 
Where Radius of Earth, Re = 6378 Km, Height of Ionospheric shell, h max = 350 Km, ϴ = elevations angle in radians at the ground station.
Carrier to noise power ratio
Carrier to noise power ratio (C/N ratio) is also a measure to predict ionospheric scintillation on IRNSS signals. It is measured in decibels. If C/N ratio is less than 25 or 30 dB/Hz then it may result into loss of lock of the receiver to the particular satellite and may disrupt services offered by IRNSS or any GNSS system.
Thus the measurement and calculations of major ionospheric parameters are presented in this section. Further the results and methodology are discussed.
DATA ANALYSIS AND METHODOLOGY
Data presented here for analysis is taken from IRNSS User receiver installed in Electronics Engineering Department, SVNIT, Surat. Results presented here are utilizing MATLAB software and based on the data captured by IRNSS receiver on 23 rd September 2015 which is a September equinox period.
Total Electron Content variation on 23 September 2015.
Total Electron Content (TEC) Variation for satellite PRN numbers 1-4 on 23 rd September 2015 is presented here. Pseudo Random number (PRN) numbers are the numbers given to various satellites for identifying a particular satellite. 
Second order Daubechies Wavelet decomposition
A wavelet is a waveform of effectively limited duration which has an average value of zero. Wavelet analysis is the breaking up of a signal into shifted and scaled versions of the original or mother wavelet. One-dimensional analysis is based on one scaling function f and one wavelet. A wavelet exists for a finite duration. Wavelet analysis is similar to Fourier analysis in the sense that it breaks a signal down signal into its constituent parts for analysis.
The wavelet transform breaks the signal into its "wavelets", scaled and shifted versions of the "mother wavelet". The wavelet transform allows exceptional localization in both the time domain via translations of the mother wavelet, and in the 
Scaling
For example we have a signal ѱ (t). Scaling refers to the process of stretching or shrinking the signal in time which can be expressed as in equation (3) 
Where s is the scaling factor which is a positive value and corresponds how much a signal is scaled in time. The scale factor is inversely proportional to frequency. Scaling a sine wave by 2 results in reducing its original frequency by ½ or an octave. For a wavelet there is a reciprocal relationship between the scale and the frequency with a constant of proportionality. This constant of proportionality is called the center frequency of the wavelet.
Mathematically the equivalent frequency is defined as in equation (4):
Where C f is the center frequency of the wavelet, S is the wavelet scale, t  is the sampling interval.
Shifting
Shifting a wavelet means delaying or advancing the onset of a wavelet along the length of a signal. A shifted wavelet represented using this notation means that the wavelet is shifted and centered at 'k'.
The second order Daubechies wavelet decomposition of TEC in TECU (minute's data) for PRN 1 to PRN 4 for both L5 and S band are indicated from figures 8 to 11. Figure 8 represents TEC for PRN 1 for S and L5 band, Figure 9 represents TEC for PRN 2 for S and L5 band, Figure 10 represents TEC for PRN 3 for S and L5 band, and Figure 11 represents TEC for PRN 4 for S and L5 band. In figure x-axis represents position along the signal (time), the y-axis represents scale, and the colour at each x-y point represents the magnitude of the wavelet coefficient C. These are the coefficient plots generated by the graphical tools in Matlab. Wavelet decomposition is important for determining minor variations in TEC for determining instances of ionospheric irregularities.
Empirical Mode Decomposition (HHT-EMD)
The EMD works in temporal space directly rather than in the corresponding frequency space. The mixture of the eminent Hilbert spectral analysis (HAS) and the empirical mode decomposition (EMD), designated as the Hilbert-Huang transform (HHT) by NASA, represents such an exemplar shift of data investigation approach. The HHT is intended explicitly for examining nonlinear and nonstationary information. The main part of HHT is EMD with which any complex data set can be decomposed into a determinate and frequently small number of intrinsic mode functions (IMFs). The instantaneous frequency defined using the Hilbert transform denotes the physical meaning of local phase change better for IMFs than for any other non-IMF time series. This decomposition method is adaptive and so highly effectual. As the decomposition is based on the local features of the data, it is applicable to nonlinear and nonstationary processes as stated by Huang and Wu (2008) in [19] .
The decomposition has implicitly a simple assumption that, at any given time, the data may have many coexisting simple oscillatory modes of significantly different frequencies, one superimposed on the other. Each component is defined as an intrinsic mode function (IMF) which satisfies the following conditions: (i) In the whole data set, the number of extrema and the number of zero crossings must either equal or differ at most by one.
(ii) At any data point, the mean value of the envelope defined using the local maxima and the envelope defined using the local minima is zero.
Hilbert Spectral Analysis
The determination of the expansion of HHT is to provide an alternate view of the time-frequency-energy model of data. In this method, the nonlinearity and nonstationarity can be dealt with better than by using the traditional paradigm of constant frequency and amplitude as mentioned by Huang and Wu (2008) in [19] . One way to express the nonstationarity is to find instantaneous frequency and instantaneous amplitude. For any function x (t) of L p class, its Hilbert transform y (t) is as given in equation (5) [19] .
In equation (5), "P" is the Cauchy principal value of the singular integral. With the Hilbert transform y (t) of the function x (t), we obtain the analytic function, as given in equation (6) and (7) [19] :
1 where i
  
In equation (7), "a" is the instantaneous amplitude, and ϴ is the instantaneous phase function. The instantaneous frequency is given in equation (8) [19] :
With both amplitude and frequency being a function of time, we can express the amplitude in terms of a function of time and frequency, H (ω, t). The marginal spectrum can then be defined as in equation (9) [19] .
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In the equation (9), [0, T] is the temporal domain within which the data is defined. The marginal spectrum represents the accumulated amplitude over the entire data in a probabilistic sense and offers a measure of the total amplitude (or energy) contribution from each frequency value, serving as an alternative spectrum expression of the data to the traditional Fourier spectrum. A perfect IMF, as given in equation (10) 
The term on the right-hand side of equation (6) offers an apparent time-frequency-energy expression for function x (t), such as the one given by equation (10) . However, for an arbitrary x (t), the instantaneous frequency obtained using the above method is not necessarily physically meaningful.
EMD Process
A signal x (t) is thus divided into: the fine scale detail, d (t), and the residual, m (t), so x (t) = m (t) + d (t). This detail, d (t), becomes the first IMF and the sifting process is repeated on the residual, m (t) = x (t) -d (t). The sifting process requires that a local average of the function be defined. Huang's solution to finding a local average is by creating maximum and minimum envelopes around the signal using natural cubic splines through the respective local extrema. The local average is approximated as the mean of the two envelopes.
EMD Algorithm
The Empirical mode decomposition of TEC for PRN 1 to PRN 4 for both L5 and S band are indicated from figures 12 to 15. Figure 12 represents Empirical mode decomposition of TEC for PRN 1 for L5 band and S band, figure 13 represents Empirical mode decomposition of TEC for PRN 2 for S band and L5 band, figure 14 represents Empirical mode decomposition of TEC for PRN 3 for S band and L5 band and figure 15 represents Empirical mode decomposition of TEC for PRN 4 for S band and L5 band.
CONCLUSIONS
The effects of the ionosphere on satellite signals used for different communication and navigation applications have been extensively investigated in the last many years. The ionosphere is known to be the major source of receiver degradation and failure for the global positioning system (GPS). It causes GPS signal's group velocity to decrease and phase velocity to advance. These effects allow the determination of the total electron content (TEC) along the signal path from the GPS satellite to the receiver. It can be seen that Hilbert Huang decomposition decomposes TEC data into minor variations which benefits in identifying ionospheric irregularities instances and finds applications in determining variations in TEC during various events like earthquake, geomagnetic storm, solar flares and plasma bubble etc.
Ionospheric scintillation measurement using TEC variations were investigated using IRNSS receiver data recorded at Electronics Engineering department low latitude station, Surat, India. To study the effect of Ionospheric scintillation on the performance of GPS receivers, the investigation will be further carried out on long time data. In general, scintillations can lead to cycle slips and loss-of-lock in GNSS receivers. Thus here wavelet based decomposition and Empirical mode decomposition (EMD) is done on various ionospheric scintillation measurement parameters. And it is found graphically that EMD is able to decompose the parameters very sharply so that the instances of ionospheric effects and ionospheric irregularities can be determined from the decomposition. HHT gives sharper results as compared to wavelets.
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